
 

 

Introduction 
 
Human immunodeficiency virus-1 (HIV-1) infec-
tion of the central nervous system (CNS) can 
result in cognitive, motor, and behavioral defi-
cits, termed collectively HIV-associated neuro-
cognitive disorders (HAND) [1, 2] . Soon after 
infection by the HIV, it rapidly moves into the 
brain via infected monocytes and lymphocytes 
[3] and, despite highly active antiretroviral ther-
apy (HAART), persists in parenchymal microglia 
as well as the perivascular macrophages [4-6]. 
Importantly, once the virus infects the brain, 

there is a deleterious immune activation of resi-
dent glia.  As HIV is unable to productively infect 
neurons, neuronal cell damage is largely pro-
moted by neurotoxins secreted by these in-
fected and/or activated macrophages, micro-
glia, and astrocytes. In spite of the fact that the 
clinical severity of HAND has been significantly 
reduced due to the widespread utilization of 
HAART, the prevalence and associated morbid-
ity still remain unacceptably high ( 50%) [7, 8]. 
The fact that HAND still persists in the current 
era of HAART, even in patients effectively con-
trolled for systemic viremic load, is incompletely 
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Abstract: Microglia become activated in humans subsequent to infection with HIV, and uncontrolled brain inflamma-
tion plays a key role in neuronal injury and and cognitive dysfunction during HIV infection. Various studies have shown 
a deleterious role for the HIV regulatory protein Tat in the development and maintenance of HIV-associated neurocog-
nitive disorders (HAND).  One cell surface receptor implicated in inhibiting microglial activation is the protein-tyrosine 
phosphatase (PTP), CD45. It is especially effective at inhibiting microglial activation because its action takes place far 
upstream from proinflammatory intracellular signaling mediators. To investigate the possible role of CD45 in micro-
glial responsiveness to HIV-1 Tat protein, we treated BV-2 microglia with a tyrosine phosphatase inhibitor [potassium 
bisperoxo (1, 10-phenanthroline) oxovanadate (phen), 5 μM] and HIV-1 Tat protein (700ng/ml). We found a synergis-
tic pro-inflammatory microglial activation as supported by tumor necrosis factor-alpha (TNF-α) and interleukin 1-beta 
(IL-1β) release, both of which were dependent on p44/42 mitogen-activated protein kinase (MAPK) activation. Stimu-
lation of microglial CD45 by anti-CD45 antibody markedly inhibited these Tat or Tat/Phen effects via attenuation of 
p44/42 MAPK, suggesting CD45 negatively regulates microglial activation. As a validation of these findings in vivo, 
brains from transgenic mice deficient for CD45 through complete genetic ablation, or by CNS delivery of CD45shRNA, 
demonstrate markedly increased production of TNF-α 24 hours after intracerebroventricular injection of HIV-Tat pro-
tein (5μg/mouse) compared to control mice. This increased microglial activation was accompanied by astrogliosis 
and a significant loss of cortical neurons due to apoptosis in CD45 deficient animals.  These results suggest thera-
peutic agents that activate CD45 PTP signaling may be effective in suppressing microglial activation associated with 
HAND.  
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understood. Recent evidence suggests pro-
longed inflammation in both the brain and pe-
riphery may be responsible [9-11]. 
 
At the center of this persistence of prolonged 
CNS inflammation is an increased number of 
microglia and macrophages in the brain.  The 
presence of these cells positively correlates with 
the severity of pre-mortem HAND, suggesting 
the importance of these cell in promoting neu-
ronal damage [4, 12-14].  Indeed microglias are 
key generators of a number of toxic factors, 
which together impair neuronal function. As 
such, neurologic deficits in HAND are more 
closely correlated with the presence of activated 
macrophage and microglia than with the viral  
RNA [12, 15].  In combination with the neuro-
toxic secreted factors from microglia are the 
soluble viral proteins such as Tat and, the glyco-
protein, gp120 which can be released from in-
fected microglia and macrophages as well [16]. 
Circulating levels of HIV-1 Tat have been quanti-
fied in patient sera from HIV-1 positive individu-
als, at levels ranging from 1–40 ng/mL [17, 
18], although, local extracellular concentrations 
in the brain may be much higher, especially ad-
jacent to HIV-1 positive perivascular cells [19]. 
The HIV-1 Tat protein can also exert its proin-
flammatory activating effect on uninfected cells 
including other microglia, astrocytes, and neu-
rons. Both infected and activated microglia and 
astrocytes produce pro-inflammatory cytokines 
including tumor necrosis factor-alpha (TNF-α) 
and interleukin-1 beta (IL-1β), which serve to 
further promote activation of neighboring cells. 
Infected and activated cells also produce 
chemokines such as monocyte chemotactic 
protein-1 (MCP-1), thus attracting more inflam-
matory monocytes and macrophage in a posi-
tive feedback loop [20, 21]. Therefore, circulat-
ing HIV-1 Tat protein is very likely involved in 
triggering this self-perpetuating inflammatory 
loop, ultimately leading to neuron damage and 
cognitive deficits [17]. 
 
One viable target on microglia is the promotion 
of the CD45 signaling pathway. CD45 is a hae-
mopoietic cell specific protein tyrosine phos-
phatase (PTP), essential for antigen receptor-
mediated signaling in T and B cells [22], as well 
as microglia [23, 24]. It modulates signaling 
through cytokine receptors as well as cellular 
adhesion [25, 26]. The CD45 protein is encoded 
by a single gene (PTPRC; protein tyrosine phos-
phatase, receptor-type C) and different isoforms 
can be cleaved by alternative splicing of three 

variable exons: A, B, and C [27]. 
 
CD45 modulation may be particularly salient to 
the clinical features of HAND since microglia in 
normal human brain express CD45 and upregu-
lation in microglial CD45 expression has been 
noted in Alzheimer’s disease (AD), graft-versus-
host disease (GVHD), multiple sclerosis (MS), 
and in HIV encephalitis (HIVE) [28-33].  In addi-
tion, studies in rodent and human cells indicate 
CD45 can suppress microglial pro-inflammatory 
activation.  For example, we previously found 
murine microglia devoid of CD45 expression 
demonstrate an overactivated phenotype [34, 
35].  On the other hand, it has concordantly 
been shown that an agonist antibody 
(αCD45RO, clone UCHL-1) can stimulate CD45 
PTP activity and dampen granulocyte-
macrophage colony-stimulating factor (GM-CSF) 
signal transduction and cell proliferation [36]. In 
addition, CD45 also mitigates HIV-1 replication 
in microglia, suggesting there maybe be a po-
tential for targeting this phosphatase as a ther-
apy for HAND [37].  Furthermore, in an animal 
model of neurodegeneration, upregulation of 
PTP signaling in activated microglia was found 
in and around degenerating brain regions [25]. 
As the phosphorylating enzyme of the related 
cytoplasmic threonine tyrosine kinase, p44/42 
mitogen activated protein kinase (MAPK), is 
also a response to HIV-1 Tat and  other inflam-
matory molecules including gp120 [38-40].  
Thus, it is likely that p44/42 MAPK activation is 
also critical to the disease CNS inflammatory 
cascade. Indeed activation of the p38 pathway 
in microglia or neurons may stimulate the pro-
duction of inflammatory mediators, thereby con-
tributing to the degeneration or further activa-
tion of these cells. Together these data led us to 
investigate the possible involvement of CD45 
PTP signaling as a putative down-regulator of 
microglial p38 activation in response to HIV-1 
Tat protein.   
 
Materials and methods 
 
Reagents  
 
Monoclonal antibodies (purified rat anti-mouse 
CD45 and purified rat IgG2bcontrol antibodies) 
were purchased from PharMingen (San Diego, 
CA). Antibodies for phospho-p44/42 mitogen-
activated protein kinase (MAPK) (Thr-202/Tyr-
204) and total p44/42 MAPK were obtained 
from New England Biolabs (Beverly, MA). 
PD98059 were obtained from Calbiochem (La 
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Jolla, CA). The phosphatase inhibitor, potassium 
bisperoxo (1,10-phenanthroline) oxovanadate 
(phen) were purchased from Santa Cruz Bio-
technology (Santa Cruz, CA). Each of these was 
dissolved in DMSO before adding to cell culture 
medium, and DMSO alone was used as a sol-
vent control, which did not differ from the un-
treated controls presented. Bacterial lipopoly-
saccharide (LPS) was purchased from Sigma 
(St. Louis, MO) and dissolved in complete cell 
culture medium. Anti-mouse and anti-rabbit 
HRP-conjugated IgG secondary antibodies were 
obtained from Santa Cruz Biotechnology (Santa 
Cruz, CA). Immun-Blot polyvinylidene difluoride 
(PVDF) membranes were purchased from Bio-
Rad (Hercules, CA). Anti-mouse TNF-α polyclonal 
antibody was obtained from R & D systems 
(Minneapolis, MN). Anti-neuronal nuclei anti-
body was obtained from Chemicon (Temecula, 
CA). Donkey anti-mouse IgG Alexa Fluor 594 
and was purchased from Molecular Probes 
(Eugene, OR). Tris-buffered saline was obtained 
from Bio-Rad (Hercules, CA) and luminol re-
agent was obtained from Pierce Biotechnology. 
Anti-Bcl-xL, and anti-Bax antibodies were pur-
chased from Upstate (Lake Placid, NY). Anti-
actin antibody was obtained from Roche. Re-
combinant HIV-1 protein Tat1-86 was obtained 
from The National Institutes of Health 
(NIH) AIDS Research and Reference Reagent 
Program (Rockville, MD). 
 
TNF-α and IL-1 β ELISAs 
 
BV-2 microglial cells were plated in 24-well tis-
sue-culture plates (Costar, Cambridge, MA) at 5 
× 104cells per well and stimulated for 12 hr with 
phen (5 μM), Tat  peptides (700 ng/ml), phen/
Tat in the presence or absence of anti-CD45 
antibody (1:200) or PD98059 (5 μM) pretreat-
ment for 1 hr, or appropriate controls. Cell-free 
supernatants were collected and assayed by a 
TNF-α or IL-1β ELISA kit (eBioscience, San 
Diego, CA) in strict accordance with the manu-
facturer's instructions. The Bio-Rad (Hercules, 
CA) protein assay was performed to measure 
total cellular protein from each of the cell 
groups under consideration just before quantifi-
cation of cytokine release by ELISA. 
 
Western immunoblotting 
 
BV-2 microglia were plated in six-well tissue 
culture plates at a density of 8 × 105 cells per 
well. These cells were incubated for 30 min with 

or without phen (5 μM), heat inactive HIV-1 Tat 
peptide (700 ng/ml) and HIV-1 Tat peptide (700 
ng/ml); or phen/Tat in the presence or absence 
PD98059 (5 μM) pretreatment for 1 hr. Immedi-
ately after culturing, microglia were washed in 
ice-cold PBS three times, and lysed in an ice-
cold lysis buffer containing 20 mM Tris, pH 7.5, 
150 mMNaCl, 1 mM EDTA, 1 mM EGTA, 1% Tri-
ton X-100, 2.5 mM sodium pyrophosphate, 1 
mMβ-glycerolphosphate, 1 mMNa3VO4, 1 μg/ml 
leupeptin (RIPA buffer), 1 mM PMSF and prote-
ase cocktail (Sigma, St. Louis, MO). After incu-
bation for 30 min on ice, samples were centri-
fuged at the highest speed for 15 min, and su-
pernatants were collected. Total protein content 
was estimated using the Bio-Rad protein assay. 
An aliquot corresponding to 50 μg of total pro-
tein of each sample was separated by SDS-
PAGE and transferred electrophoretically to Im-
mun-Blot PVDF membranes. Nonspecific anti-
body binding was blocked with 5% nonfat dry 
milk for 1 hr at room temperature in Tris-
buffered saline (20 mM Tris and 500 mM NaCl, 
pH 7.5). Membranes where first hybridized with 
a phospho-specific p44/42 MAPK antibody, 
stripped with β-mercaptoethanol stripping solu-
tion (62.5 mM Tris-HCl, pH 6.8, 2% SDS, and 
100 mM β-mercaptoethanol), and then 
reprobed with an antibody that recognizes total 
p44/42 MAPK. Followed by an anti-rabbit HRP-
conjugated IgG secondary antibody as a tracer, 
the luminol reagent was used to develop the 
blots. Densitometric analysis was performed for 
all blots using the Flour-S MultiImager with 
Quantity One software (Bio-Rad). 
 
For the in vivo studies, Western blot was per-
formed as described previously [39]. Briefly, for 
the in vivo studies left hemispheres of 3 month 
old transgenic and nontransgenic mouse brains 
were lysed by ice-cold RIPA buffer with protease 
cocktail and an aliquot corresponding to 50 μg 
of total protein were electrophoretically sepa-
rated using 10% Tris–glycine gels. Electrophore-
sed proteins were then transferred to PVDF 
membranes (Bio-Rad), washed in dH2O, and 
blocked for 1 h at ambient temperature in Tris-
buffered saline containing 5% (w/v) non-fat dry 
milk. After blocking, membranes were hybrid-
ized overnight at 4Ctemperature with various 
primary antibodies. Membranes were then 
washed three times (5 min each) in dH2O and 
incubated for 1 h at ambient temperature with 
the appropriate HRP-conjugated secondary anti-
body (1:1000). All antibodies were diluted 
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in TBS containing 5% (w/v) non-fat dry milk. 
Blots were developed using the luminol reagent. 
Antibodies used for western blot included: anti-
Bcl-xL antibody (Millipore, 1:1000), anti-Bax 
antibody (Millipore, 1:1000), anti-TNF-α (R & D 
systems, Minneapolis, 1:1000) and anti-actin 
antibody (Sigma, 1:10000).  
 
In vivo neurotoxicity analysis 
 
Animals were anesthetized using isoflurane 
(chamber induction at 4–5% isoflurane, intuba-
tion and maintenance at 1–2%). After reflexes 
were checked to ensure that mice were uncon-
scious, they were positioned on a stereotaxic 
frame (Stoelting Lab Standard) with ear-bars 
positioned and jaws fixed to a biting plate. The 
axis coordinates were taken from a mouse brain 
atlas, and a 5-mm sterile plastic guide cannula 
(21 GA; Plastic One, Inc., Roanoke, VA) was im-
planted into the left lateral ventricle delimited 
from the stereotaxic coordinates (coordinates 
relative to bregma: − 0.6 mm anterior/posterior, 
+ 1.2 mm medial/lateral, and −3.0 mm dorsal/
ventral) using the stereotaxic device (Stoelting 
Lab Standard) and an attached probe (cannula) 
holder. HIV-1 protein Tat (500 ng/mouse) or 
PBS (10 μl) was administered at the rate of 
1 μl/min using a Hamilton syringe (modified 
with a solder stop to prevent over insertion of 
the needle) through the implanted cannula. Cor-
rectness of the injection was confirmed by try-
pan blue dye administration and histological 
examination. The wounds were closed with 1 
staple and mice were all observed until anes-
thesia had cleared. Twenty-four hours after the 
i.c.v. injections animals were sacrificed with 
isofluorane and brain tissues collected.  
 
NeuN, GFAP, and IBA-1 immunohistochemistry 
analysis. 
 
Mice were anesthetized with isofluorane and 
transcardially perfused with ice-cold physiologi-
cal saline containing heparin (10 U/ml). Brains 
were rapidly isolated and separated into left 
and right hemispheres using a mouse brain sli-
cer (Muromachi Kikai, Tokyo, Japan). The left 
hemispheres were rapidly frozen for western 
blot. The right hemispheres were used for cry-
ostate sectioning and immunochemistry analy-
sis. NeuN, GFAP, and IBA-1 staining was per-
formed under standard immunofluorescence-
labeling procedures according to our previous 
studies [39]. Briefly, frozen tissue sections were 
washed in PBS and blocked in 3% bovine serum 

albumin and 2% normal serum for 2 hr at room 
temperature, then incubated overnight in pri-
mary antibodies, monoclonal mouse anti-
neuronal nuclei antibody NeuN (Millipore, 
1:1000), GFAP (Zymed Laboratories, 1:1000), 
or Iba-1 (Wako Chemicals, USA, 1:1000). The 
following day, sections were washed in PBS 3 
times (10 min each), and then incubated for 1 h 
in the dark with secondary antibody, donkey anti
-mouse IgG Alexa Fluor 594 at 1:100. After an-
other cycle of washing, floating sections were 
mounted onto slides, dehydrated and cover-
slipped with Vectashield fluorescence mounting 
media (Vector Labs., Burlingame, CA). Slides 
were visualized under dark field using an Olym-
pus BX-51 microscopy. 
 
CD45 RNAi knock-down  
 
Four different sequences of CD45 shRNAs, 
empty vector and scrambled control shRNA 
were purchased from OriGene (Rockville, MD). 
To select highest knock-down effects of CD45 
shRNAs, four CD45 shRNA victors were trans-
ferred into N9 microglial cells first. CD45 pro-
tein expression levels were detected by western 
blot in transferred cell lysates, and the CD45 
shRNA with the lowest express levels of CD45 
(target CD45 sequencing is TGGCTTCGC-
GCCCGCACTGAGCTGGAATC) was selected for 
transfering into mouse brain. HVJ-Envelope vec-
tor kit (CosmoBio, Tokyo, Japan), was used a 
delivery of shRNA plasma into target tissues. 
Following with manufacturer’ protocols, HVJ-
Envelope (HVJ-E) incorporated with CD45 shRNA 
to yield an HVJ-E CD45 shRNA complex (vector). 
The victors were introduced into target tissues 
by membrane-fusion activity of fusion protein. 5 
μg of CD45 shRNA, empty vector or scrambled 
control shRNA are combined with HVJ-E, respec-
tively. The 10 ul of complexes in PBS were deliv-
ered by intracerebroventricular (ICV) injection. 
After 72 hrs, additionally, the mice ICV injected 
of Tat protein or PBS for control.  After 24 hrs, 
mice were scarified. 
 
Statistical analysis 
 
Data were analyzed using ANOVA followed 
by post-hoc comparisons of means by Bon-
ferroni's or Dunnett's T3 method, for which 
Levene's test for homogeneity of variances was 
used to determine the appropriate method 
of post hoc comparison. In instances of single-
mean comparisons, t test for independent sam-
ples was used to assess significance. α levels 
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were set at 0.05 for each analysis. All analyses 
were performed using SPSS for Windows re-
lease 9.0. 
 
Results 
 
CD45 signaling pathway is involved in HIV-1 
Tat protein-stimulated microglial activation  
 
It has been shown that a tyrosine phosphoryla-
tion cascade plays an important role in HIV-1 
Tat-induced microglial activation [41-43]. To 
test whether promotion of tyrosine phosphoryla-
tion could affect Tat-induced microglial activa-
tion, we co-incubated BV-2 microglial cells with 
phen, a specific tyrosine phosphatase inhibitor, 
and HIV-1 Tat (provided by NIH AIDS Reference 
and Reagent Program, Germantown, MD) for 12 
hr. Microglial activation was measured by TNF-α 
and IL-1β production. Data showed that phen 
synergistically enhanced HIV-1 Tat-stimulated 
microglial activation as evidenced by TNF-α and 
IL-1β levels (Figure 1A). To further confirm that 
phen and HIV-1 Tat activated microglia by inhib-
iting the PTP signaling pathway, we co-cultured 
BV-2 microglia with HIV-1 Tat and phen (5 μM) 
and measured TNF-α and IL-1β production. This 
result led us to focus on stimulating microglial 
CD45 PTP activity to oppose HIV-1 Tat-induced 
activation of these cells.   
 
Therefore, to further characterize the putative 
role of CD45 in HIV-1 Tat induced microglial 
activation, we treated BV-2 microglial cells with 
monoclonal anti-CD45 antibody   before stimu-
lation with phen and HIV-1 Tat. Microglial activa-
tion, as evidenced by TNF-α and IL-1β release 
after co-treatment with phen and HIV-1 Tat, was 
significantly inhibited by cross-linking CD45 
(Figure 1B); further substantiating the role of 
CD45 in negative regulation of microglial activa-
tion. 
 
Next, since previous studies have shown activa-
tion of p44/42 MAPK is involved in TNF-α pro-
duction in macrophages, monocytes, and micro-
glia after activation of these cells with a variety 
of stimuli [39, 44] we asked whether the ob-
served effect of CD45 cross-linking on opposing 
microglial activation might be mediated via acti-
vation of the MAPK module. Thus, we first ana-
lyzed TNF-α and IL-1β release in microglial cell 
lysates after co-treatment with PD98059, a se-
lective inhibitor of MEK1/2.  We observed that 
production of TNF-α and IL-1β was markedly 

decreased compared with appropriate controls 
within 12 hr after treatment with PD98059 and 
phen and HIV-1 Tat (Fig. 1C). These data sug-
gest that phen and HIV-1 Tat activation of micro-
glia is subserved by the p44/42 MAPK pathway.  
 
HIV-1 Tat induced microglial activation is 
mediated by the p44/42 MAPK pathway 
 
Having shown that cross-linking of CD45 op-
posed HIV-1 Tat induced microglial activation, 
we next further confirmed whether reduced 
p44/42 MAPK activity could be responsible for 
this effect. To investigate this possibility, BV-2 
microglial cells were co-incubated with heat 
inactivated HIV-1 Tat protein (negative control)  , 
HIV-1 Tat protein , and phen. Cell lysates were 
then analyzed for phosphorylated forms of 
p44/42 MAPK by Western immunoblotting 
(WB). Results showed that phen and HIV-1 Tat 
synergistically enhanced phosphorylation of 
p44/42 MAPK compared with controls (Figure 
2A). Elk1 is a substrate of MAP kinases.  In ac-
cord, phen and HIV-1 Tat induced phosphoryla-
tion of Elk1 as detected by WB probed with 
phospho-Elk1 antibody (Figure 2A). To deter-
mine whether inhibition of p44/42 could op-
pose this synergistic effect on MAPK activity, the 
cells were treated with PD98059, a selective 
inhibitor of MEK1/2. Results showed that addi-
tion of PD988059 markedly reduced both 
p44/42 MAPK and phospho-Elk1 activity in 
phen- and HIV-1 Tat co-treated cells (Figure 2B).  
 
Intracerebroventricular (ICV) injection of HIV-1 
Tat results in neuronal loss and T-helper-1 (Th1) 
associated microglial activation in CD45 defi-
cient mice 
 
Next, to test whether CD45 plays a role in the 
modulation of HIV-1 Tat-induced neuronal injury, 
we treated C57BL/6 mice, and CD45-deficient 
mice (B6.129-Ptprctm1Holm/J) (n = 3) with 
heat inactivated HIV-Tat (500 ng/mouse; nega-
tive control) or HIV-1 Tat via the ICV route. 
Twenty-four hours later, these mice were sacri-
ficed and then brain tissues were collected. 
Mouse brain sections from cortical regions were 
stained with NeuN and NeuN/DAPI as well as 
GFAP and GFAP/DAPI. Results indicated a 
marked increase in neuronal damage in cortical 
brain regions from CD45 deficient mice ICV in-
jected with HIV-1 Tat compared to controls (heat 
inactivated HIV-1 Tat), HIV-1 Tat treatment in 
CD45 sufficient mice, or PBS treatment in CD45 
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sufficient mice (Figure 3A). In addition, brain 
homogenates from these mice were prepared 
for Western blot analysis of Bcl-XL and Bax pro-
tein expression as well as TNF-α expression. 
Consistently, a significant reduction in the ratio 
of Bcl-XL to Bax in CD45 deficient/HIV-1 Tat con-
dition was observed (Figure 3B). TNF-α expres-
sion was also concordantly significantly in-
creased in CD45 deficient/HIV-1 Tat condition 
compared with other groups (Figure 3C) (* p < 
0.05). One-way ANOVA followed by post hoc 
comparison revealed significant differences 
between HIV1 Tat / CD45 deficiency and Tat in 
wild type for the relative intensity of western 
blot band ratio of Bcl-XL to Bax. In CD45-/- mice, 
the ratio of Bcl-XL to Bax trended to be de-

creased by HIV- Tat treatment but did not reach 
significance due to the relatively small number 
of mice. Importantly, the TNF-α expression lev-
els are significantly upregulated by ICV injection 
of HIV-1  Tat in CD45-/- mice compared to    
CD45-/-  mice treated with heat inactivated HIV-1 
Tat injection same type of mice (C) (* p < 0.05). 
 
HIV-1 Tat exacerbates neuronal injury and 
gliosis in wild type mice with stable brain 
CD45 knock-down 
 
CD45 knock-down was performed by stable 
transfection of CD45 short hairpin RNA (shRNA) 
into 3-month-old C57BL/6L mice brain (CD45 
RNA interference [RNAi]) by ICV injection.  For 

Figure 1. CD45 signaling pathway is involved in HIV-1 Tat protein-stimulated microglial activation.  (A) Co-treatment 
with phen and HIV-1 Tat protein synergistically increased in Th1 cytokines in microglial cells.  BV2 cells were plated at 
5 X 104 cells per well in 24-well tissue-culture plates and stimulated with phen (5 μM), Tat protein (700 ng/ml) or 
phen/Tat combination for 12 hr.  Control peptide is heat inactive Tat protein (inact. Tat).  Microglial activation was 
measured by TNF-α (upper panel) and IL-1β (lower panel) productions in culture media (mean ± SD, pg/ml) using 
ELISA assay.  As indicated, phen/Tat co-treatment synergistically increased cytokines in culture media compared by 
control (PBS), phen, and Tat treatment alone.  One-way ANOVA was shown a significant differences between the indi-
vidual treatment and phen/Tat co-treatment (**P < 0.005).  (B) CD45 cross-linking with an antibody specially against 
CD45 (CD45 Ab) markedly inhibits phen and Tat protein induced microglial activation monitored by TNF-α (upper 
panel) and IL-1β (lower panel) releasing in culture media (mean ± SD, pg/mL).  BV2 cells were pretreated with either 
rat anti-mouse CD45 antibody (2.5 μg/mL) or rat anti-mouse IgG2b (2.5 μg/ml) as control antibody (Ctrl Ab) for 1 hr 
and then stimulated with phen and Tat protein (***P < 0.001).  (C) PD98059 (PD) as a specific MEK1/2 (the up-
stream activator of p44/42)  inhibitor, significantly mitigated TNF-α (upper panel) and IL-1β (lower panel) release in 
BV2 culture media induced from phen/Tat.  BV2 cells were pre-treated with PD98059 (5 μM) for 1 hr, and then 
treated with phen and Tat for 12 h.  Compared with phen/Tat co-treatment alone, adding PD98059 significantly di-
minished cytokine production induced by phen/Tat co-administration (*** P < 0.001). Data represented three repeat 
experiments through A to C.   
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controls, empty victor (EV), scrambled shRNA 
(SCR), and PBS were ICV injected respectively 
(n=3 for each group). Subsequently, each 
mouse from four groups was injected with 500 
ng of HIV-1 Tat by ICV.  Sections from each hemi
-brain were stained by immunofluorescence for: 
NeuN (Figure 4 a-d), DAPI (Figure 4 e-h; 10 ×), 
GFAP (Figure 4i-l), (DAPI, m-p; 10 ×), Iba1 
(Figure 4 q-t) and (DAPI, Fig 4u-x; 20 ×). As ex-
pected, HIV-1 Tat exacerbated neuronal injury in 
CD45 knock- down mice in cortical regions ex-
amined (Figure 4 d/h) compared with other con-
trols (Figure 4 a-c/e-g). Since astrogliosis is a 
common feature of the HAND brain and pro-
motes neuronal loss [45], we examined GFAP as 
well.  As expected we found HIV-1 Tat aug-
mented astrocytosis determined by GFAP stain-
ing (Figure 4 l/p) in CD45 knock-down mice 
compared with control groups (Fig 4. i-k/m-o).  
Likewise due to the pathological importance of 
activated microglia, we immunohistochemically 
stained with Iba-1.  Here we found HIV-1 Tat 
injection was associated increased in microglial 
expression in CD45 knock down mice (Figure 4 
t/x) vs. control groups (Figure 4 q-s/u-w) in hip-

pocampi. As additional confirmation of the role 
of CD45 in the modulation of HIV-1 Tat-induced 
neuronal injury in vivo, we prepared brain ho-
mogenates from these mice for Western blot 
analysis of CD45 expression to confirm stable 
knock-down (Fig 5a) as well as Bcl-XL and Bax 
protein expression to monitor anti- and pro-
apoptotic signaling respectively. One-way 
ANOVA followed by post hoc comparison re-
vealed significant differences between CD45 
RNAi compared to  PBS, EV, or SCR for both TNF
-α and IL-β release (** p < 0.001) (Figure 5c) 
upon HIV-1 Tat ICV injection in CD45 knock-
down mice compared to the three control 
groups (PBS, EV, and SCR) (n=3 for each group 
of mice). Moreover the relative intensity of west-
ern blot band density ratio of Bcl-XL to Bax was 
significantly decreased in CD45 knock-down 
mice compared with scrambled mice PBS group 
or the mice receiving EV (** p < 0.01) (Figure 
5b).   
 
Discussion 
 
Inflammation caused by microglial cells drives, 

Figure 2.  HIV-1 Tat induced microglial activation is subserved by the p44/42 MAPK pathway. Microglia were treated 
with control (PBS), control peptide (heat inactivated HIV-1 Tat, 700 ng/ml), HIV-1 Tat (700 ng/ml), phen (5 μM), or 
both phen/Tat for 30 min in 6-well culture plates.  Cell lysates were analyzed by western blot using specific antibod-
ies that recognize phosphorylation or total p44/42 MAPK.  The ratio of band intensities of phospho-p44/42 vs. total-
p44/42 is shown below the immunoblots (pp44/42 / total p44/42 MAPK) (n=3 for each condition experiments). 
Compared with phen or HIV-1 Tat individual treatments, co-treatment with phen and HIV-1 Tat significantly promoted 
phosphorylation of p44/42 MAPK (p < 0.01).  (A)  Phosphorylation of Elk 1, as a substrate for MAPK, was significantly 
increased by co-treatment phen/Tat. The expression levels of phospho- Elk 1 normalized by actin were significantly 
increased by co-treatment with phen and HIV-1 Tat compared to either treatment individually (p < 0.05).  (B) 
PD98059 dramatically inhibited phosphorylation of p44/42 MAPK (upper panel) and Elk 1 (lower panel) by co-
treatment of with phen and Tat (p < 0.01). n=3 for each condition experiments.  
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at least in part, many  neurodegenerative dis-
eases such as MS, PD ,  HAND and AD; suggest-
ing that therapeutics targeting  microglial activa-
tion might be efficacious in treating such dis-
eases [2, 34, 46-53]. 
      
Upon challenging, microglia undergo dramatic 
phenotypic, immunochemical, and functional 
changes, collectively referred to as ‘activation’ 
and the activated microglia produce a variety of 
bioactive molecules with potential toxicity to 
neurons. Ample evidence indicates that immune 
and inflammatory responses mediated by acti-
vated microglia have a pivotal role in the patho-
genesis of HAND [52, 53]  
  

Further, microglia modulate both mature and 
neural stem-cell proliferation, survival, and dif-
ferentiation [54-57]. For example, stimulating 
microglia with interleukin- 4 (IL-4) results in the 
release of factors that promote neurogenesis 
[58, 59]. On the other hand similar stimulaton 
of CD40 ligand has the opposite effect 
(reviewed in [60, 61]).    Thus, microglia repre-
sent a double- edged sword which can positively 
or negatively impact CNS function [60]. Never-
theless, the molecular regulation of microglial 
behavior is not well understood and attempts to 
date at reducing neuroinflammation caused by 
microglial activation have only been partially 
efficacious [62], possibly because of the fact 
that such strategies are more general inhibitors 

Figure 3.  HIV-1 Tat intracerebroventricular (ICV) injection promotes neuronal cell loss and Th1 associated microglial 
activation in CD45 deficient mice.   (A) CD45 deficiency promoted HIV-1 Tat induced neuronal damage/death. Half-
brain sections from 3-month-old CD45 sufficient and deficient mice (C57BL/6J, CD45-/-) after ICV injection of Tat 
(500 ng/mouse) or heat inactivate HIV-1 Tat (500 ng/mouse)  as a control for 24 hr, were stained by NeuN antibody 
(a-d), and GFAP (i-l) antibody. Counter staining was performed by DAPI (e–h, m-p) (n=3 for each group). HIV-1 Tat 
treatment induced neuronal cell damage/loss in CD45 sufficient mice compared with PBS treated mice (b vs. a). 
Furthermore, HIV-1 Tat treatment in the CD45-/- mice further promoted neuronal death/damage (d vs. a-c).  Further, 
astrocyte activation was shown highest in HIV-1 Tat treated mice compared to the CD45 deficient condition (l vs. i-k).  
Images are represented 10 × object magnifications.  (B)  Brain homogenates were prepared from half of brain tissues 
and probed by western blot using antibodies against Bcl-XL and Bax. In CD45-/- mice, the ratio of Bcl-XL to Bax trended 
to decrease but  did not reach significance due to the relatively small number of animals. (C) TNF-α expression  is 
significantly upregulated in the HIV-1  Tat ICV injected CD45-/- mice compared to heat-inactivated HIV-1 Tat injected 
mice (* p < 0.05, n=3 for each group). 
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Figure 4.  HIV-1 Tat was promoted neuronal death/damage and gliosis in stable knock down CD45 mouse brain de-
tected by immunofluorescence.  CD45 knock-down was performed by stable transfection of CD45shRNA into 3-
month-old C57BL/6L mice brain (CD45 RNAi) by ICV injection; as controls, empty victor (EV), scrambled shRNA (SCR), 
and PBS were ICV injected to mouse brain, respectively (n=3 for each group).  Subsequently, each mouse from four 
groups was injected 500 ng of HIV-1 Tat by ICV.  Sections from a half-brain were stained by immunofluorescence of 
NeuN (a-d; for DAPI, e-h; 10 ×), GFAP (i-l; for DAPI, m-p; 10 ×) and Iba1 (q-t; for DAPI, u-x; 20 ×). HIV-1 Tat exacerbated 
neuronal loss in CD45 knock-down mouse brain sections in cortex (d/h) compared with other controls (a-c/e-g). Fur-
ther, HIV-1 Tat injection augmented astrocytosis as determined by GFAP staining (i/p) compared with control groups (i
-k/m-o).  Finally, HIV-Tat injection was increased in microglial expression visualized by Iba1 staining in CD45 knock 
down mice (t/x) vs. control groups (q-s/u-w) in hippocampus. 



CD45 inhibits HIV-1 Tat-induced microglial activation and neuronal damage  

 
 
311                                                                                                              Am J Transl Res 2012;4(3):302-315 

of inflammation than specific inhibitors of mi-
croglial-associated neuroinflammation.  
 
Studies have also shown that HIV-1-infected, 
and immune-activated microglia, release a num-
ber of soluble substances including pro- 
inflammatory cytokines, chemokines, excitatory 
amino acids, nitric oxide (NO), and reactive oxy-
gen species (ROS), viral proteins, which can 
diffuse and injure surrounding and distant neu-
rons; contributing to HAND pathogenesis [63-
65].  Therefore, it is important to identify poten-
tial target(s) to regulate microglia activation and 
their resultant production of neurotoxins in or-
der to control microglia-associated neurotoxic-
ity. 
 

Following from this idea, pharmacotherapeutics 
specifically aimed at blocking microglial activa-
tion may well be more efficient at ameliorating 
microglial-associated neuropathology in HAND.  
In this study, we focused on identifying a spe-
cific cell surface receptor target, which, when 
activated, could inhibit microglial activation far 
upstream of intracellular proinflammatory me-
diators such as the MAPK pathway. Our ration-
ale for such investigation was that, if we could 
inhibit microglial activation by HIV-1 Tat protein 
very early on, the amplification of the inflamma-
tory response associated with activation of pro-
inflammatory intracellular signal transduction 
cascades could be abated. Our data show that 
microglia can be activated after treatment with 
HIV-1 Tat proteins and, the PTP inhibitor, phen. 
This result led us to investigate stimulation of 
this membrane-bound PTP as a negative regula-
tor of microglial activation. Data showed that 
cross-linking CD45 markedly reduced microglial 
activation resulting from HIV-1 Tat and phen co-
treatment. Furthermore, we observed de-
creased activation of p44/42 MAPK under 
these conditions, suggesting that CD45 cross-
linking stimulates the CD45-associated PTP 
pathway, and that stimulation of this pathway 
negatively controls p44/42 MAPK activation. In 
accord, co-treatment of HIV-1 Tat and phen-
activated microglia with PD98059, an inhibitor 
of MEK1/2 (the upstream activator of p44/42 
MAPK), resulted in statistically interactive block-
ade of microglial pro-inflammatory activation. 
We found that microglia deficient for CD45 
could be directly activated by HIV-1 Tat pro-
teins in vitro, and brains from wild type mice 
deficient for CD45 (via ICV CD45 knock-down or 
by complete genetic ablation [CD45-/- mice]) 
demonstrated markedly increased TNF-α and IL-
1β levels upon HIV-1 Tat treatment compared 
CD45-sufficient mouse brains. These results 
suggest that stimulation of CD45 is a viable 
approach for mitigating HIV-1 Tat-induced mi-
croglial activation. 
 
More specifically, in our original experiment we 
showed that that co-treatment with the PTP in-
hibitor phen and HIV-Tat resulted in microglial 
activation as evidenced by increased IL-β and 
TNF-α release (Figure 1). However, the question 
arose of whether this effect was dependent on 
PTP inhibition as opposed to inhibition of other 
phosphatases. Thus, we co-treated wild-type 
primary culture microglia with HIV-1 Tat and 
either sodium orthovanadate, another PTP in-
hibitor, or okadaic acid, an inhibitor of protein 

Figure 5. ICV injection of HIV-1 Tat promotes gliosis in 
stable knock-down CD45 mice subjected to stable 
CNS CD45 knockdown (A) Confirmation by western 
blot of CD45 knock-down mice (CD45 RNAi) and 
three control groups (PBS, EV, and SCR) (n=3 for 
each group of mice). (B) Brain homogenates were 
prepared from half of brain tissues and probed by 
western blot using antibodies against Bcl-XL (neuronal 
survival) and Bax (apoptosis). The relative intensity of 
the western blot band ratio of Bcl-XL to Bax was sig-
nificantly decreased in CD45 knock-down mice com-
pared with scrambled mice (** p < 0.01) and other 
control groups. (C) TNF-α (left panel) and IL-1β (right 
panel) ELISA showed significantly increased CD45 
knock-down mice compared with scrambled mice 
(SCR) and other control groups (PBS and EV) (** p < 
0.001). 
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phosphatase 2A, and measured IL-1β and TNF-
α release. We observed that sodium orthova-
nadate treatment in conjunction with HIV-1 Tat 
produced results similar to those of phen and 
Aβ peptide co-treatment. However, IL-1β and 
TNF-α were not detectable in the media of oka-
daic acid- and Aβ-co-treated microglia; suggest-
ing that treatment of microglia with specific in-
hibitors of PTPs, as opposed to general phos-
phatase inhibitors, along with HIV-1 Tat, pro-
motes microglial activation; the specific effect of 
PTP stimulation via CD45 in opposing microglial 
activation induced by phen and HIV-1 Tat. 
 
Aside from its importance to microglia, past 
studies have shown that HIV- 1 induced inhibi-
tion of CD45 PTP activity positively correlates 
with disease progression and apoptosis, and 
negatively correlates with anti-CD3-induced T 
lymphocyte proliferation. Indeed CD45 opposes  
HIV-1-induced T cell hyporesponsiveness and 
apoptosis [66]. Giovanni and colleagues [66] 
found the proliferative response to anti-CD3 as 
well as the CD45-associated PTP activity were 
significantly reduced in HIV progressors [66].  
 
To examine whether increasing CD45 activity 
could block microglial activation resulting from 
co-treatment with phen and HIV-1 Tat, we acti-
vated wild-type microglia with phen and HIV-1 
Tat, added CD45 recombinant protein (20 U/ml) 
to these cells, and measured IL-1β and TNF-α 
release. We observed marked reduction of IL-β 
and TNF-α after addition of CD45 recombinant 
protein to activated microglia compared with 
appropriate controls. In accord, treatment of 
activated microglia with CD45 recombinant pro-
tein blocked IL-1β and TNF-α release to an ex-
tent similar to that resulting from cross-linking 
CD45, further substantiating that CD45 cross-
linking stimulates the CD45 PTP pathway. 
 
To further confirm CD45-mediated downregula-
tion of microglial activation induced by co-
treatment with phen and HIV-1 Tat protein, we 
performed shRNA knockdown via ICV injection 
of specific CD45shRNA. Data showed that CD45 
knock-down markedly attenuated microglial 
activation as evidenced by IL-1β and TNF-α re-
lease (Figure 5). These data raise the possibility 
that stimulation of the CD45 pathway negatively 
controls microglial activation induced by HIV-1 
Tat  proinflammatory stimuli in vitro and in vivo 
and suggest that therapeutics targeting stimula-
tion of CD45 may be beneficial in suppressing 

microglial activation, a central pathogenic com-
ponent of HAND. 
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